Recent cardiopulmonary resuscitation (CPR) guidelines emphasize the importance of highquality chest compression. The aim of this study is to determine the effect of education using music on the chest compression rate. Methods: This randomised, open-labeled study enrolled 81 medical students. They were randomly divided into three groups. After they were educated in CPR according to the American Heart Association 2010 guidelines, they performed 100 chest compressions using a mannequin capable of collecting each compression depth and speed. After that, the control group received a verbal feedback about their own results. The metronome group was also notified of their own results, and listened to the metronome sound at 100 beats per minute (bpm). The music group listened to the music (about 100 bpm). Twentyfour hours after their CPR education, chest compressions were performed again with the method identical to the first evaluation. The results were compared using multivariate analysis of variances. Result: Compression rate (bpm): There was a significant difference between the control (mean, 110.4; 95% CI: 104.4, 116.5) and metronome group (mean, 98.5; 95% CI: 91.6, 105.4) after education (p=0.01). There was a significant difference between control and music group (mean, 98.2; 95% CI: 94.6, 101.8) after education (p<0.001) There were no differences between the music and metronome group before or after education (p=0.50, p=0.94). However, the variance of music group was significantly less than the metronome group (p=0.01). Compression depth (inches): there was no difference between the groups according to the CPR education method. (Control: 1.8±0.3; Metronome group: 1.6±0.2; Music group: 1.7±0.3 p=0.09) Conclusion: Both education method of using music and metronome are more effective than conventional method. However the effect of using music may be better than using metronome. (Hong Kong j.emerg.med. 2017;24:12-17) 
Introduction
Recent cardiopulmonar y resuscitation (CPR) guidelines emphasize the importance of high-quality chest compression. The recommended compression rate is 100-120 per minute, and compression depth of at least 50 mm (2 inches) is recommended. 1, 2 However, it is difficult to continue chest compression while maintaining the appropriate rate and depth. 1 An audiovisual feedback system such as a metronome or a flash built into a defibrillator/monitor can be used if circumstances allow. However, it is difficult to prepare in urgent situations and use outside the hospital as it may be too noisy. Therefore, having a CPR education method that allows accurate memory of compression rate is important. Recently, the American Heart Association (AHA) used 100 beats per minute (bpm) music in promoting hands only CPR on their homepage. However, there is no clear research on the advantage and effect of using music compared to other CPR education methods. The aim of this study was to determine the effectiveness of CPR education using music, to keep accurate chest compression rate, compared to other education method.
Methods
This investigation was an open labeled randomised study. Eighty-one medical students who had never received audiovisual feedback education regarding CPR were recruited randomly from our third-year students. They were randomised into three groups. The randomisation was stratified by sex (the web site http:// randomization.com was used). The group assignment was done immediately before they started the study. This allocation procedure was concealed from clinicians and participants. The standard deviation (SD) of compression rate in previous studies were about 5 to 10 per minute. 3 We postulated that the SD of compression rate was 10. The calculated sample size was 26 participants which was sufficient to detect an effect size value of 0.8 (mean difference/SD) 4 at a significance level of 0.05 with 80% power. We added one participant to each group for unexpected loss. The test subjects were matched one by one. To reduce variability, a single researcher explained about chest compressions using the same material made according to the AHA 2010 guidelines (a compression speed of 100 times per minute, a compression depth of 2 inches and complete release after compression).
After the explanation, the chest compressions performed by the student were evaluated using a mannequin (SmartMan-BLS, Ambu SmartMan  , CA, USA). Chest compressions were performed 100 times to record the number of compressions per minute (compression/min) and average depth (inch). The number of effective releases was counted when the remaining depth after chest relaxation was 0.1 inch or less (before education).
Then, the results were reported to the control group and the disparity in the number of compressions and depth from the standard was notified. The metronome group was also notified of their own results, and then, they were allowed to listen to the metronome at 100 bpm until each subject said that they had sufficiently memorised the beat. For the music group, 5 pieces of music at 97, 101, 103, 103, and 106 bpm were prepared (for subjects to choose the most familiar one) verified in advance with MixMeister BPM Analyzer (MixMeister Technology, LLC, Fort Lauderdale, FL). From these, the subjects chose the most familiar music and listened to it until they said that they sufficiently aware of the rhythm. The three groups were allowed to practice for one minute using individual feedback. Until the second evaluation, the test subjects did not listen to the metronome or chosen music and did not practice chest compressions.
Twenty-four hours after their CPR education, chest compressions of 100 times were performed with the identical method to the first evaluation without any feedback including the metronome or music, and the results were recorded (after education). The primary outcome was the mean difference of compression rate between the three groups. The secondary outcomes were difference of variance of compression rate, difference of compression depth and the number of complete releases between the three groups. Computing) was used for the statistical analysis. The change in compression speed and compression depth according to the CPR education method violated the sphericity assumption (Mauchly's test p<0.001, <0.001 respectively), so the difference was analyzed with Pillai's trace, that is one of the multivariate analysis of variances equivalent to the repeated measures ANOVA (RMANOVA), where statistical significance was determined at P<0.017. The study has been approved by the Institutional Review Board of our hospital.
Results
From the 81 participants, two subjects from the metronome group did not participate in the second test conducted 24 hours later. The demographic data of each group is presented in Table 1 . There were no significant differences between the groups.
Compression rate
Before When comparing the compression rate for the before and after CPR education, there was significant difference (p<0.001 for 'before education' vs. 'after education', RMANOVA), and the difference between the groups was also significant (p=0.01). There was no difference between the three groups in the 'before education' (p=0.67), but there was difference between the groups in the 'after education' (p<0.001). There was significant difference between the control and metronome group (p=0.01), and control and music group (p<0.001) for the 'after education' groups. There were no differences between the music and metronome group for 'before education' or 'after education' (p=0.50, p=0.94) ( Figure 1 ). However, the results of the Pillai's trace test showed that there was a clear difference in the variances for the 'after education' groups (p=0.01).
Compression depth
The mean ± SD, and 95% CI of control group before education was 1.7 inches ± 0.4, 1.6 to 1.9. For Metronome group: 1.8 inches ± 0.3, 1.6 to 1.9. For Music group: 1.7 inches ± 0.3, 1.6 to 1.8. After education, the mean ± SD, 95% CI of compression depth for control group was 1.8 inches ± 0.3, 1.7 to 1.9. For Metronome group: 1.6 inches ± 0.2, 1.5 to 1.7. For Music group: 1.7 inches ± 0.3, 1.6 to 1.8.
The difference in the compression depth between the 'before and after education' groups was statistically significant (p<0.001). However, there was no difference between the groups according to the CPR education method (p=0.09). There were no significant differences in the compression depth between the groups for both 'before and after education' (p=0.80 at 'before education', p=0.14 at 'after education'). (Figure 2 ) ). There were no significant differences between the groups for 'before or after CPR education' (p=0.37), nor any difference according to CPR education method (p=0.81).
Compression releases

Discussion
According to the results, the compression rate of groups that used the metronome and music were significantly different compared to control group. Both CPR educations were effective. However, CPR education using music had significantly less variances in the compression rate compared to the other groups. Therefore, in terms of keeping exact compression rate, using music in CPR education seems to be more promising than other methods. The compression depth was not different according to the CPR education methods. Release after chest compression was excellent in all cases.
The number of chest compressions is important in deciding the quality of CPR. The 2010 AHA guidelines recommended compression rates of 100 times or more. However, an excessively fast compression rate can reduce coronary perfusion, and there are reports that compression depth decreases as the number of compressions increases. 5 The recently published European guidelines recommend a compression rate of 100-120. 6, 7 Recently, the AHA also recommended a 100-120 compression rate. 8 Various methods have been designed to maintain a compression rate of 100. One of these is the audio feedback system using a metronome, and it is sometimes installed in the defibrillator. [9] [10] [11] Although the audio feedback system is not expensive, it is still not routinely installed. It can be impossible to use due to noise or other reasons. There are also reports that the compression depth decreases when an audio feedback system is applied. 5 To overcome such shortcomings, there has been an attempt to constantly maintain the compression rate using a flash light. Similar to audio feedback, however, it is difficult to apply across all clinical settings due to equipment and environment. 12 Therefore, being able to accurately remember the speed of 100 beats/min, and recall this speed without the help of other equipment is ideal. Learning time is not required to remember music that is familiar to individuals. When the music is popular, there is greater opportunity for exposure, so repeated learning can be naturally achieved. For this purpose, the AHA is using the 100 bpm music "Staying Alive" to imprint a compression rate of 100 times to laypeople. On this basis, we used music close to the 100 bpm to educate personnel to remember the exact compression rate.
Although there was no significant difference of mean compression rate between music and metronome group after education, but their variance differed significantly. Music group showed significantly less variance. It means that the number of whose compression rate close to 100/min was larger than metronome group (Figure 1 and Table 2 ). Considering that each CPR case matters, not the mean of multiple individual compression rate, this may imply that music group has superior education effect to metronome group.
There is a need for more discussion regarding which bpm music should be used. We used music which is as close as possible to 100 bpm. The results showed that the compression rate after educating the subjects was distributed around 100 ( Figure 1 ). To check whether using 100 bpm music was appropriate, we recorded the number of n which was included within the set range for the compression rate ( Table 2 ).
If we set the favorable compression rate as 90-110 compressions in minute, metronome group's counts in the range increased by 20%, from 36% before CPR education to 56% after CPR education. In the music group, the increase was larger than that of the metronome group, with a 52% increase from 33.3% before CPR education to 85.2% after CPR education. Therefore, when the goal for the compression rate was 90-110/min, the music group showed better educational effect. However, when an optimal compression rate of 100-120/min according to the AHA guidelines was used as criteria, there was a 20% increase in the metronome group from 36% before to 56% after the CPR education, and a 37.1% increase in the music group from 29.6% before to 66.7% after the CPR education. So, the number of compression rate relevant to the predetermined range decreases. This is because when using music for CPR education, compression rate is more concentrated on the target bpm than that of the other groups. Hence, based on these results, instead of 100 bpm music, 110 bpm music may be suitable for future CPR education programs using music ( Table 2) .
Around 5% of the population have a disability in perceiving music. These people are called amusia, or 'tune deaf'. These people can have a disability in perceiving rhythm or tune. 13, 14 A reason that music had a better effect than that of the metronome in this study is because the subjects were allowed to select melodies which they were already familiar with. However, as it can be seen in our results, part of the test group showed a great decrease in educational effect, and this could possibly be due to the proportion of amusia in the general population. People who have amusia have problems with perceiving rhythm itself, so there will be no effect in using a metronome as a guide. 15
Limitations
In this study, the test was performed 24 hours after educating the subjects. It is difficult to discern the advantages concerning long-term memory compared to other methods. In another study that taught chest compressions using music, it was reported that memory was effective when the test was performed 5 weeks later. 16 However, there is need for further research regarding how to prolong the education effect and the re-education interval for the appropriate memory. This study employed medical students. The conlcusions may not be able to generalise to clinicians or members of the general public. It was simulated CPR, and compression rates in the 'real situation' may be different due to the tension of the performer, secretion of adrenaline, and so on. We recorded only 100 beats, which is shorter than 2-3 minute CPR period usually expected of a rescuer. So, it cannot be generalised to the 2-3 minute CPR period usually expected of a rescuer. 
Conclusion
Teaching proper chest compressions using familiar bpm 100 music is equally effective to obtain mean compression rate of 100/min as using metronome. But it results in significant less variance in compression rate than using metronome or conventional education. Authors suggest that CPR education may be more effect when using culturally popular music for each particular environment, which is as close to 110 bpm (instead of 100 bpm) as possible.
